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Accepted manuscript doi: 10.1680/jmapl.17.00005 8 megaprojects in the European Union (EU) wrongly applied the coefficient of determination and Fisher exact test respectively to nominal and ordinal data in their studies.
Therefore, the purpose of this research is twofold: first is to identify the factors that are critical to the success of megaprojects in Colombia; and second is to demonstrate an appropriate analytical approach to nominal and ordinal data -where numerical value is attached to world labels, but the scale cannot quantify.
In addition to this introduction (Section 1), the remainder of the paper comprises: Section 2, which outlines the methodological approach; Section 3, which discusses the results; Section 4 highlighting the implications for practice and potential applications; and Section 5 presenting the conclusions.
Methods

Research design
Following the aim of the study, the primary research question was: 'Which factors have the most influence on the completion of megaprojects in Colombia?' Both the research question and the aim fit into the hermeneutic understanding category of research purpose (see Willis, 2007) and lend themselves to the application of a qualitative enquiry approach with interpretive epistemology and necessitate the use of a descriptive conceptual framework that links to the research objectives.
The present study employed the theoretical underpinning of management of projects (MoP) advocated by Morris (1994) , which places greater emphasis on the project definition phase. This is as opposed to the project management approach, widely attributed to Cleland The descriptive conceptual framework comprised four elements, to: i) identify the factors contributing to time and cost overruns on megaprojects; ii) rank the identified factors from the perspective of stakeholders who have been involved in the delivery of megaprojects in Colombia; iii) confirm the ranking of the factors; and iv) provide recommendations for future experiences. Consistent with Denzin (1970) , a mixed research method was deemed most appropriate and the explanatory method (see Creswell, 2003) , which involved a sequential quantitative and qualitative data collection process, was applied.
The methodology adopted is presented retrospectively in Sections 2.2 to 2.6, below.
Identification of the factors investigated
Considering the availability of sufficient, credible and reliable information in the literature, the study identified the factors investigated from secondary sources -including academic literature, published reports, online sources and grey literature, which comprised government publications and reports, newsletters, working papers, technical reports and conference proceedings. From this process, 126 factors were identified; however, further analysis of the taxonomy showed some to be synonyms and interchangeable, while others were a mixture of features embedded within the functional and descriptive categories. For example, Anderson et al. (2006) listed market conditions and the effect of inflation as separate factors, while the present authors argue that the latter is a consequence of the former. Thus, the factors were reclassified using a four-stage linear process that involved identification, functional aggregation, labelling and domiciliation, where 'domiciliation' refers to the location of each factor in line with the observation of Sanvido et al. (1992) that success factors can be internal or external. Consequently, the 126 factors were reclassified into 34 and grouped into nine categories based on the predominant themes through which they could be meaningfully organised, interpreted and presented. Although corruption was among the factors identified in the literature, the authors deliberately did not include it among the factors surveyed because it was perceived that questions on corruption might cause the respondents to be less responsive to the survey. Table 2 presents the factors, their categories and locations where only the unique factors are numbered for ease of reference, but the order of appearance and numbering does not confer any level of influence at this time. An in-depth look at these factors suggested that they may apply to projects irrespective of size, scope, cost, duration of execution or any other project features. This potentially makes the findings of this study of more general application.
Study sample
As noted by Maylor and Blackmon (2005) , population sampling for the purpose of qualitative research designs should be characterised and represented by concepts of gaining deeper knowledge and understanding of the study groups' perceptions of the subject of research.
Hence, a non-probability (purposive) sampling method was considered most appropriate among the wide range of sampling techniques identified in the literature sources. In particular, the homogeneous sampling method was deemed most suitable and was selected as the study was not a test of a hypothetical generalisation and did not intend to seek relationships that may establish scientific laws. In addition, the research question was specific to the characteristics of the particular group of interest and the method achieves a sample whose units share the same or close characteristics or traits: in this instance, construction professionals who have been involved in megaprojects. Hence, the homogeneous criterion used was involvement at a senior level in megaprojects in Colombia.
The participants were identified through a formal and an informal process. The formal process was the principal avenue for the identification of participants, as it generated nearly 90% of the study sample. It involved a request for participation to the 124 key personnel of the construction companies involved in megaprojects in the country. The informal process involved the use of social media platforms, mainly LinkedIn and Facebook, to identify professionals who might have had experiences with the delivery of megaprojects in the country; this process identified 13 professionals. Overall, these processes yielded 137 professionals, who constituted the study sample. The profiles of the eventual participants are presented and discussed in Section 3.
Questionnaire design
The design of the questionnaire involved conceptualisation, testing and revision. The conceptualisation was an iterative process that focused on clarity of the question, selection of appropriate scales of measurement and matching to analytical methods. Testing comprised an independent review of the questionnaire to assess the extent to which it was viewed as covering the concept it purported to measure ('face validity') and the degree to which it measured the variables intended ('construct validity'). Testing also included a pilot test which employed the test-retest reliability field-test method. The revision stage involved modification of both the form and content of questions based on the feedback received from the pilot sample. BOS online survey tool was used to design the questionnaire, and this used a combination of categorical and rating questions. The categorical questions aided the identification of the respondents and were measured by nominal scales that enabled demographic analysis. The rating questions allowed participants to compare the variables based on a unipolar ordinal scale that measured the severity of the influence of the factors investigated.
Considering the second objective of the study, the authors observe that the distinction between ranking and rating questions is that rating allows for qualitative classification of variables but cannot quantify, while ranking measures and orders relative quality represented by the variables but does not necessarily represent equal intervals. Rating thus allows for comparison of a variable to itself on a scale, while ranking uses ipsative measures that force respondents to relatively order the variables under investigation.
It should be noted that this study did not employ ranking questions because of the large number of variables studied (34), but instead derived the ranking from the rating of the participants. Table 3 shows the composition, objective, type and measurement scale for each question.
Data collection
As stated in Section 2.1, data collection took place in two sequential stages. First, data was collected through questionnaires and second, data was collected using semi-structured interviews among the most experienced respondents.
The questionnaire was distributed to study participants electronically in English and Spanish, via email, LinkedIn and Facebook; this method lowered the cost of survey administration and guaranteed prompt delivery and receipt. In addition, it eliminated geographical limitations at times when the researchers were not physically present in Colombia.
The questionnaire included an information sheet on the study purpose and the contact details for any question or additional information the respondent might require. The respondents had four weeks to complete and return the survey.
The interview method was chosen for the second stage and was designed as a validation process for the findings of first stage. This is because the interview method offers confidentiality, which was considered crucial as it was anticipated that data might include information on potentially sensitive project-specific issues. The person-to-person semi-structured form of interview was used because of its flexibility and the opportunity it presents to the researcher to probe for more in-depth insights from the narratives of the respondent and to seek information that may not have been previously anticipated. The study addressed the main limitations of the method -which include the possibility of implicit and explicit bias, the potential inability of the interviewee to accurately recall specific details of events, and the possible imposition of preconceived ideas -through enquiries and the application of the principles of consistency (cross-checking each interviewee's testimony with other participants) and verifiability (cross-checking each interviewee's testimony with available public documents). Each interview lasted an average of one hour, and was tape recorded and subsequently transcribed. The interview plan included the ten secondary, broad, open-ended questions derived from the analysis of the questionnaires. Each interview was analysed before the subsequent one, and this allowed for the application of emerging insights in subsequent interviews.
Data analysis
Analysis of the data generated through the survey employed the use of descriptive statistics, including a set of percentages and measures of central tendency, as the variables measured were nominal and ordinal data and did not support the use of parametric analysis as the measurement scales allow for qualitative classification of variables only (they cannot quantify).
For ease of analysis, the world labels on the unipolar ordinal scale were assigned scores as follows Minimum Influence = 1, Medium Influence = 2, Strong Influence = 3, and Extreme
Influence=4. The assigned numbers are ordinal and were used strictly for qualitative classification of variables only (they could not quantify). Nonetheless, this enabled the application of the 'mean score' -MS, which conveys no statistical meaning, as the measurement scale is ordinal -to rank the factors.
where f, s and N represent the frequency of responses, respondents' score for each factor and the total number of responses, respectively.
This method has been used in similar studies, such as Chan and Kumaraswamy (1996) , and is one of the most appropriate methods available for the analysis of ordinal data derived from rating questions. It is important to note that inferential statistical methods -such as the applicable to interval and ratio data that conform to a normal distribution (see Riley et al., 2000) . Hence, consensus measurement for rating questions fits to the use of qualitative analysis and descriptive statistics. Prominent statistical analyses for ranking questions are measures of central tendency, rank order correlation, frequency distributions and non-parametric analysis of variance (see Hill and Fowles, 1975; and Hasson et. al., 2000) . There are three significance tests for cases involving more than two dependent samples, namely: the Friedman test (also known as the Friedman two-way analysis of variance), which is the significance test for more than two dependent samples and is used to test that there is no significant difference between the size of a dependent sample and the population from which it is drawn; Kendall's coefficient of concordance (W) test, which is a measure of the agreement among several judges who are assessing a given set of objects; and Cochran's Q test, which is used to test whether or not the part of a given variable is the same across multiple dependent samples.
This study did not employ ranking questions because of the large number of variables studied (34), but instead derived the ranking from the rating of the participants.
The analysis of the data collected using semi-structured interviews involved hermeneutics analysis premised on the theory of interpretation and achieving an understanding of texts and utterances, as described by Patterson and Williams (2002, pp.47-49) . This method allows themes to emerge from data and promotes a holistic understanding. It also shows the inter-relationships among themes, while at the same time enabling individual themes to retain rich characteristics. The data analyses were conducted at the individual level (idiographic) and across individuals (nomothetic).
Results and discussion
Quantitative survey
Fifty-three responses were received out of the 137 questionnaires distributed, but only 48 responses were valid. This represented an effective response rate of 35% and was within the anticipated range (see Callegaro et al., 2015) . The distribution of the respondents, shown in Table 4 , is expressed as percentages only to gain an understanding and not to make statistical inferences. As seen in the table, a majority (64%) of the respondents had over four years' experience with megaprojects, and this offers an advantage for the quality of data -especially as megaprojects are recent in Colombia and thus four years' experience is contextually significant. In addition, the nearly 20% of respondents that came from the planning, design and engineering professions was considered a great advantage, as megaprojects in Colombia have been awarded to international companies who have undertaken the early stages of the projects outside of Colombia. For example, the contractor for the Reficar Modernization and Expansion Project conducted detailed engineering and procurement out of Houston, USA. Furthermore, this explains why nearly 75% of respondents were site supervisors, control officers or allied professionals.
Although the distribution of the respondents was skewed to oil and gas, both the response rate and the distribution of respondents satisfied the goal of the study as the response rate was within the anticipated range and the participants broadly represented the purposive sample given that two of the three operational megaprojects in the country are in the oil and gas sector.
The likely impact of the respondents' profiles is discussed in Section 3.3, while the results are presented in a table format in Tables 5 to 8 and discussed in this section and Section 3.2.
As shown in Table 5 , most of the respondents' opinions fall within two adjacent points, suggesting a convergence of views. This further indicates that the factors ranked as 1 in every category recorded a mean score greater than 3, indicating that each of the categories investigated has a 'Strong Influence' on the delivery of megaprojects. Table 5 indicates that design changes during the construction phase and the availability of materials jointly ranked as the most critical success factors, each with a mean score of 3.44 and with nearly all the respondents' opinions (92%) falling on the adjacent points of 'Strong Influence' and 'Extreme Influence' on the measurement scale.
As seen in Table 6 , among the 34 factors investigated, 29 recorded a mean score greater than 3, suggesting that these factors have 'Strong Influence', while others recorded mean scores that were between 2.67 and 2.92, indicating 'Medium Influence'.
Whereas the top-five factors fall into only three categories, four of the bottom five are in the project characteristics category, which -as seen in Table 7 -is the only category with a mean score less than 3.
As seen in Table 8 , there are six internal factors exclusive to the planning phase among which adequacy of tender information and realistic cost estimates, which both had overall ranks of 5 and 6 respectively, have the top-two ranks while appropriate risk assessment had the lowest rank. Nonetheless, all six factors have a mean score between 3.21 and 3.40, suggesting that these factors have 'Strong Influence'. All the factors exclusive to the execution phase comprising of nine internal and 3 external factors have 'Strong Influence' as they recorded a mean score range of 3.44 to 3.04, with design changes during construction, an internal factor jointly ranked as number 1 along with availability of materials, an external factor. Eight internal factors are common to both the planning and the execution phases and, among them, management strategy, with an overall rank of 3, has the top rank. This result suggests that the management strategy is critical in both phases of a megaproject and supports the MoP Framework developed by Pinto and Winch (2015) .
Based on our reclassification, there is no strict external factor in the planning phase.
However, there are three in the execution phase and eight that are common to both the planning and execution phases. The availability of materials, with a joint overall rank of 1, has the topmost rank -suggesting that both internal and external factors have a significant influence on project delivery. The two factors that are present both internally and externally are also common in both the planning and execution phases. These factors, availability of skilled labour and transparency and trust, both recorded a mean score greater than 3, which suggests that 
Semi-structured interviews
Three interviews that that formed the empirical text for analysis were conducted with senior professionals who were involved in the project control, construction management and project management of the Reficar Modernization and Expansion (oil and gas), Ituango Hydro (power generation) and Ruta del Sol Highway projects respectively. These interviews were designed to validate the findings of the survey, especially the relative importance of the success factors. As stated in Section 2.5, the interview plan included the ten secondary, broad, open-ended questions derived from the analysis of the questionnaires. These were: (1) Which three factors Each interview was analysed before the subsequent interview in order to apply emerging insight, and to cross-check the interviewee's testimony with previous interviews and public documents for consistency and verifiability. Where necessary, follow-up interviews were conducted via telephone. The interviewers were presented with the survey results after answering the first question (1). This eliminated the possibility of bias and enabled confirmation of the results. For a proper contextual understanding of the narratives of the interviewees, the authors note that they were involved with projects that experienced both time and cost overruns. Analysis showed that the views expressed by the respondents were consistent with the results of the survey.
When asked which three factors were the most critical for delivering the megaproject they were involved with, the first respondent identified inadequate planning at the earlier stages and incomplete information from the client; the second respondent identified lack of a good relationships between stakeholders and inadequate quality and experience on the part of both the project team and subcontractors; while the third respondent mentioned inadequate information at the tender stage and too many changes in the design and specifications. These findings align with Miller and Hobbs (2009) , who noted that proper planning at the start of the project, which recognises and takes into consideration potential turbulence, could align projects with organisational strategy, especially when the project is being undertaken by a heterogeneous entity. On further enquiry, the first respondent confirmed that inadequate planning during the early stages reflected poor management strategy at the planning phase.
Analysis revealed the factors stated by the interviewees to be in the top five of the ranks from the results of the quantitative survey. This outcome is supported by the World Bank (1996), which concluded that projects with adequate or better identification, preparation and appraisal had an 80% success rate, against 25% for projects that were deficient in all these aspects, and that thoroughness during the planning phase had a significantly higher influence on project success than key country macroeconomic variables, external factors or government considerations.
When presented with the outcome of the quantitative survey and asked if it reflected their views, the three respondents unanimously answered in the affirmative. They opined that a lack of information in the early stages of a project is linked to design changes during the construction phase. They expressed the view that changes in technology, unanticipated changes in regulation, stakeholder demands and considerations, difficulty in the actualisation of the original design based on engineering complexities and/or cost considerations, and 'scope creep' were among the key factors that necessitated design changes, and that the availability of materials and their supply had an extreme influence on a project's success. When asked specifically which of the factors investigated had the greatest impact on cost, each of the respondents identified the same three issues: clarity and completeness of the scope of work at the tender stage, a realistic budget and appropriate cost control.
Although the questionnaire deliberately excluded corruption, the interviewees identified this as an endemic and intractable hazard that cut across the fabric of the society and which may be difficult to eliminate. They thus recommended that appropriate government authorities must act to control corruption. In addition, the interviewees suggested the need for adequate control and early and timely supervision by relevant government agencies, including the use of auditable planning procedures as a tool to prevent unwarranted claims by the contractor at any time in the project life cycle, but particularly after project completion, and also to ensure early engagement and accuracy of the cost and schedule. They further expressed the view that risk analysis must start at the planning phase and project risks must be shared transparently and responsibly among key parties at every stage. They unanimously agreed that a multi-disciplinary project management team had a better chance of delivering a project successfully than one that solely comprised engineering experts.
While transparency and trust were seen to be a challenge from the accounts of the interviewees, corruption also emerged as a key contributory factor to the delay and cost overruns of megaprojects in the country. Nonetheless, the authors note that this might not be
Research limitations
Whereas the quality of responses -rather than the number of participants -is the true measure of the outcome of qualitative research, the dominance of the oil and gas sector in the demography of respondents was a limitation. Nonetheless, this situation did not have any adverse effects on either the quality of the data or the outcome of the analysis, which did not call for the expert panel to comprise representative samples for statistical purposes. However, it was possible that certain factors such as personal bias that could not be controlled for by the researchers influenced some of the views expressed. Moreover, unlike experimental studies or studies conducted with control groups in a laboratory, all the subjects who participated in this research were susceptible to external stimuli from diverse sources outside the control of the researchers.
Conclusion
While cost or time overruns or substandard quality outcomes are not desirable in a project, they become more troubling with megaprojects where delays and cost escalations may have far-reaching effects beyond the reputational risk for the companies involved, maybe threatening the socio-economic, technical, environmental and political systems of the contracting principal. This research aimed at understanding the challenges encountered in delivering megaprojects in Colombia -from the project definition stage to successful handover -with a view to providing industry practitioners in the country with the ability to be more effective and efficient in the management of future megaprojects.
While 29 of the factors investigated had a 'Strong Influence' on the success of megaprojects, the study found that an internal factor, 'design changes during construction', and an external factor, 'availability of materials', both recorded the same rank -suggesting that both internal and external factors have a significant influence on project delivery. Overall, the five most critical factors were found to be: To have a better chance of successfully delivering a megaproject, the project management leadership team must be multi-disciplinary, with expertise in areas such as finance, stakeholder management, integration, human resources management, communication and procurement.
While the present study did not examine the impact of corruption comprehensively, it confirmed the results of previous research, which indicate the importance of addressing corruption. However, to avoid claims and counter claims in future projects, and as seen with the Reficar Modernization and Expansion Project, relevant government agencies must take adequate control and provide early and timely supervision to prevent unwarranted claims by either party at any time. In addition, risk analysis must start at the planning phase and project risks must be shared transparently and responsibly at every stage.
Although the research involved professionals working on megaprojects in Colombia, the variables investigated are of general application to other projects. Hence, the outcome may be of general application by project management professionals, especially where the country dynamics are similar.
Finally, the research demonstrated the application of an appropriate analytical approach to qualitative data as outlined in the aims, in part to highlight the misnomer in some earlier studies that examined critical success factors in specific countries where inferential statistics and non-parametric statistics were wrongly applied to nominal and ordinal data. 
